Abstract. The present study aimed to investigate the clinicopathological features of primary intravascular large B-cell lymphoma (IVLBCL) of the lung. The clinical and histopathological data of three patients, and the literature was reviewed. The Ethics Committees of Drum Tower Hospital approved the current study based on the three cases. Fever and respiratory symptoms were the main presenting symptoms. Serum lactate dehydrogenase and C-reactive protein were significantly increased. Diffuse ground glass opacities or nodular consolidations were seen on high resolution computed tomography. Lung biopsy revealed lymphoma cells in the lumen of small blood vessels. Tumor cells expressed cluster of differentiation 20 and melanoma associated antigen (mutated) 1. Primary pulmonary IVLBCL is extremely rare and its prognosis is poor. Full recognition of its clinical character and improvement of the diagnostic awareness may help to reduce missed diagnosis, and facilitate appropriate treatment.
Introduction
Intravascular large B-cell lymphoma (IVLBCL) is a rare subtype of diffuse large B-cell lymphoma (LBCL) with a distinct intravascular proliferation of clonal lymphocytes. The incidence in males is slightly higher than that for females. Patients with IVLBCL usually have no lymphadenopathy, but tumor cells invade the blood vessels of multiple organs, such as the bone marrow, central nervous system, skin, lungs, liver, kidneys, and intestinal tract (1) . Therefore, the clinical presentation is highly variable. Diagnosis of IVLBCL depends on histopathology, and can be challenging to diagnose due to the variable clinical manifestations, low incidence and diagnostic awareness deficiency.
IVLBCL is typically treated with chemotherapy including a chimeric anti-CD20 monoclonal antibody (most commonly rituximab), which has been reported to achieve a relatively good response (2) , and autologous stem cell transplantation can also lead to good outcomes (3) . Here, we report three cases of primary pulmonary IVLBCL diagnosed in our unit from 2010 to 2015. Also, we review the intravascular large B-cell lymphoma (IVLBCL) based on these cases and previous reports. The Ethics Committees of Drum Tower Hospital approved the current study based on the three cases.
Case report
Case 1. A 68-year-old male patient was admitted to the respiratory unit of our hospital with a 3-month history of progressive dyspnea on exertion, dry cough, intermittent high fevers to 39˚C, and weight loss. He had been treated with various courses of antibiotics without improvement. He had a 20-year history of diabetes mellitus, but no history of lung disease or smoking. The vital signs and physical examination were normal, except for a temperature (38.3˚C).
Blood tests revealed pancytopenia, with an elevated lactate dehydrogenase, β 2 -MG, and erythrocyte sedimentation rate; also, EBV-DNA copies level exceeded the normal level, which was 5.69x10 3 (IU/ml). High resolution computed tomography (HRCT) revealed thickened interlobular septa, multiple nodules and patchy ground glass opacities bilaterally (Fig. 1) 
Case 2.
A 60-year-old female patient was admitted to the respiratory unit with a 1-month history of progressive dyspnea, and 20 days of intermittent high fever. The temperature fluctuated between 38 and 39˚C. She had been treated wide-spectrum antibiotics and indomethacin, but dyspnea and fever did not resolve. Her past medical history included a renal cyst and hysterectomy, but no lung disease. She was a non-smoker. On examination, anemia, fever and tachypnea were found. Laboratory investigation Following diagnosis, the patient returned home for treatment, and she received cyclophosphamide, pirarubicin, vincristine, and prednisone [CHOP] . revealed a mild anemia, elevated LDH and ESR (Table I) .
HRCT revealed diffuse centrilobular nodules and GGO bilaterally, and predominantly in the middle and upper lung. In the upper lung, thickened interlobular septa can also be seen (Fig. 4) .
TBLB showed that CD20 positive atypical lymphocytes in the capillaries of the lung. Immunohistochemical stains demonstrated that these cells were immunoreactive to CD20, 20% positive for Ki-67 and negative for CD3 and CK (Fig. 5) . The features were consistent with IVLBCL.
At first it seemed that treatment was effective and dyspnea improved. But she died quickly due to severe, concomitant infection.
Case 3.
A 69-year-old female was admitted with a 2-month history of productive cough, exertional dyspnea, and one week of fever. The temperature fluctuated between 37.3 and 37.8˚C. She was managed with antitussives, expectorants, and bronchodilators, and antibiotics without improvement. In the past history, she had a cholecystectomy. She was a non-smoker. On examination she was found to have lip cyanosis, swollen feet, and an elevated temperature (39.2˚C).
Her laboratory investigation findings are shown in Table I . In brief, LDH and ESR were both elevated significantly besides moderate anemia. A HRCT of the chest revealed patchy GGO in both lungs, with isolated thickening of interlobular septa (Fig. 6) . A TBLB showed atypical lymphocytes in the vascular system of the lung. Immunohistochemical stains demonstrated that these cells were positive for CD20, CD79a, Mum-1, and LCA, but negative for CD3, CD5, CD7, CD56, CD10, CK, TTF1, CD3ε, EBER and MPO (Fig. 7) .
Following diagnosis, she returned home and received chemotherapy with [CHOP] regimen. Then she was lost to follow-up. 
Discussion
In 1958, Pfleger and Tappeiner first described IVLBCL. After that, cases of IVLBCL were reported in succession. In 2008, the WHO classified it as a rare, specific type of non-Hodgkins lymphoma (NHL). IVLBCL typically occurs in elderly patients with male to female ratio of 1.3 to 1. The main feature of this type of lymphoma is that it is a diffuse, occlusive proliferation in vessels, especially in the capillaries, small arteries and veins (4) . Previously, about 50% cases were diagnosed by post-mortem. Now, with the development of immunohistochemical and monoclonal antibodies, and a greater clinical awareness, establishing the diagnosis of this disease during lifetime, similar to our cases, is believed to be increasing (5) .
The clinical manifestations of IVLBCL include both constitutional symptoms, such as fever, weight loss, night sweats, and general fatigue, and organ-specific symptoms due to tumor cells infiltrating the vessels of any organ. The heterogeneous and nonspecific symptoms make identification of this disease in patients challenging. Laboratory findings suggestive of IVLBCL or other lymphoproliferative diseases include elevation of the C-reactive protein (CRP), LDH, β 2 -MG, interleukin-2R (IL-2R) or serum albumin. Close correlation between increased LDH level and the differentiation of tumor cells has been reported (6) (7) (8) .
When lungs are involved by IVLBCL, the clinical manifestations include cough, sputum production, and dyspnea. Some patients also present with hypoxemia, hypercalcemia, pulmonary embolism, pulmonary hypertension or hemophagocytic syndrome (9) (10) (11) . Lung function frequently shows impaired lung volumes or diffusion capacity (12) . The appearance of lungs on HRCT is varied, with findings including centrilobular nodules, interlobular septal thickening, and GGO. Interstitial shadows and thickening of bronchovascular bundles usually suggest haematological and/or lymphatic spread (12) .
Recently, 18 F-FDG PET/CT has emerged as a powerful imaging modality in the assessment, diagnosis, staging and treatment response in lymphoma (13) . When respiratory symptoms suggest pulmonary involvement without abnormal performance in lung HRCT scan, FDG-PET/CT can be a useful tool for the early diagnosis of IVLBCL (13, 14) .
All of our cases had fever, dyspnea, hypoxaemia, anemia, increased LDH and an elevated ESR levels. Two of the three patients had increased level of CRP. These clues suggested to us that these patients may have had some kind of lymphoproliferative diseases. Besides, HRCT showed GGO, nodules, and thickened interlobular septa bilaterally in the lungs, which denoted us that the disease may spread Table I . Pertinent laboratory data at the time of the patient's initial evaluation. along lymphatic structures. Two of the three had ventilation impairment and diffusion abnormalities (Table II) . The radiological characteristics and pulmonary function characteristics are similar to those seen in interstitial lung diseases (ILD). Therefore, histopathologic analysis is required to make diagnosis. The histopathology of IVLBCL shows large malignant lymphocytes filling small vascular lumina. In addition, the bone marrow seems to be the most relevant diagnostic site for Asian patients (5) .
Admission value -----------------------------------------------------Reference
Regarding pulmonary investigations, an open lung biopsy or a trans-thoracoscopy lung biopsy is the most powerful method for diagnosis. Sometimes TBLB may also be useful, especially in patients with abnormal HRCT features (15) . For our patients, two of them (CASE 2 and 3) were diagnosed by TBLB. In addition, when the pathology of CASE 1 was re-reviewed following diagnosis by open lung biopsy, we found that we could set up the same diagnosis by TBLB. The diagnosis was missed at first, because this disease was not considered at that time. However, the bone marrow biopsy was unremarkable in our case (CASE 1).
A timely and accurate diagnosis and the appropriate treatment can significantly improve the clinical outcomes. Currently there is no established treatment for IVLBCL because of the small number of cases. The treatment of cases with lung involvement is similar to that for diffuse LBCL, consisting of CHOP or CHOP-like regimens plus rituximab (CHOP-R or CHOP-like-R) and CNS prophylaxis (16) (17) (18) .
As for the survival time, it was reported that the mean 3-year overall survival was 33 months according to the report from Ferreri and coworkers (19) .
Although IVLBCL and primary pulmonary IVLBCL are rare diseases, we have made a diagnosis and treated three patients during 5 years. After review of these cases, we conclude: 1. Rare diseases may be encountered in clinical work. 2. Since HRCT characteristics of primary pulmonary IVLBCL is similar to ILD, both diagnosis and differential diagnosis are very important. 3. TBLB can be useful for diagnosis, as shown in our cases.
